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5 TECHNICAL FIELD 

The present invention generally relates to iron silicide powder and the 
manufacturing method of such iron silicide powder, and in particular relates iron 
silicide powder suitable for the manufacture of a sputtering target to be used in 
10 forming a pFeSi 2 thin film for use as an optical communication element or solar 
battery material having transition-type semiconductor characteristics, and the 
manufacturing method of such iron silicide powder. 

BACKGROUND ART 

15 

Although silicon has been the most popular material conventionally as the 
LSI semiconductor material, a compound semiconductor of indium/phosphorus, 
gallium/arsenic or the like is being used for optical communication (LE/LED). 

Nevertheless, indium has an extremely short life span as a resource, and it 
20 is said that it can only be mined for another 20 years or so. Further, arsenic is well 
known as an element having strong toxicity. Thus, there is no choice but to say 
that the optical communication semiconductor materials being widely used today 
have significant problems for use. 

In particular, the semiconductor element of gallium/arsenic being used in 
25 cell phones with a short product-life cycle includes arsenic having strong toxicity, 
and this is causing a significant problem regarding the waste disposal thereof. 
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Under the foregoing circumstances, it has been discovered that pFeSi 2 
possesses transition-type semiconductor characteristics, and is being noted as a 
favorable optical communication element and solar battery material. The greatest 
advantage of this pFeSi 2 is that the respective constituent elements are extremely 
5 abundant on earth, and that there is no danger of toxicity or the like. Thus, these 
materials are known as environmentally friendly materials. 

Nevertheless, this pFeSi 2 is not free of problems, and, at present, 
technology for preparing high-quality material comparable to compound 
semiconductors of indium/phosphorus, gallium/arsenic or the like has not yet been 
10 established. 

Currently, as technology for forming an FeSi 2 thin film, proposed is 
technology for forming (3FeSi 2 by sputtering an Fe target and forming an Fe film on a 
Si substrate, and thereafter generating a silicide formation reaction between Si as 
the substrate material and the Fe film by heating the deposited Si substrate. 

15 Nevertheless, with this method, there are problems in that since the 

substrate needs to be heated at a high temperature for a long period during 
deposition and during annealing, there will be limitations on the device design, and 
that it is difficult to form a thick (3FeSi 2 film since the silicide formation reaction is 
based on the diffusion of Si from the substrate. 

20 As a method similar to the above, proposed is a method of accumulating Fe 

on the Si substrate while maintaining the substrate at a temperature in which Fe and 
Si will react; that is, at 470°C, but this method also encounters problems similar to 
those described above. 

Further, as another method, proposed is a method for forming a pFeSi 2 film 

25 by separately sputtering the Fe target and Si target; that is, performing co-sputtering 
so as to laminate several layers of the Fe layer and Si layer, and heating this to 



generate a silicide formation reaction. 

Nevertheless, with this method, there is another problem in that the 
sputtering process will become complex, and it is difficult to control the uniformity of 
the thickness direction of the film. 
5 Each of the foregoing methods is based on the premise of performing 

annealing after depositing Fe on the Si substrate, and, with these methods that 
require heating at high temperatures for a long period, a problem has been noted in 
that "the pFeSi 2 , which was formed in a film shape, becomes aggregated into an 
island shape together with the progress of annealing. 
10 Further, with the foregoing methods, since the Fe target is a ferromagnetic 

body, it is difficult to perform magnetron sputtering, and it is thereby difficult to form 
an even film on a large substrate. Therefore, an even (3FeSi 2 film with few 
variations in the composition resulting from the subsequent silicide formation could 
not be obtained. 

15 Moreover, although a proposal of a target (mosaic target) in which Fe and Si 

blocks are disposed in a prescribed area ratio has also been made, since the 
sputtering rate of Fe or Si, whichever is sputtered, will differ considerably, it is 
difficult to deposit a prescribed film composition on a large substrate, and it was not 
possible to prevent the arcing or generation of particles at the bonding interface of 

20 Fe and Si. 

Conventionally, as technology employing FeSi 2 , technology relating to the 
manufacturing method of a thermoelectric material including the steps of forming 
capsule particles by covering the nuclear particles of FeSi particles with Si particles 
of a prescribed weight ratio, performing current-conduction sintering to the powder 
25 aggregate of the capsule particles, and generating an FeSi 2 intermetallic compound 
has been disclosed (e.g., refer to Japanese Patent Laid-Open Publication No. 



H5-283751). 

Further, a manufacturing method of (3FeSi 2 including a step of pulverizing 
and mixing raw material powder containing Fe powder and Si powder, a step of 
molding the pulverized and mixed powder, and a step of sintering the molded 
5 material has been disclosed (e.g., refer to Japanese Patent Laid-Open Publication 
No. H6-81076). 

Moreover, a manufacturing method of iron silicide thermoelectric material 
including the steps of mixing ferrosilicon and iron powder, and subsequently 
performing pressure sintering thereto at a sintering temperature of 900 to 1100°C 

10 under an inert atmosphere has been disclosed (e.g., refer to Japanese Patent 
Laid-Open Publication No. H7-1 62041). 

Further, a manufacturing method of raw material powder for an FeSi 2 
thermoelectric conversion element including the steps of mixing a prescribed 
amount of transition metal powder to fine powder obtained via jet mill pulverization 

15 with inert gas so as to easily obtain fine powder having a low residual oxygen 
content and an average grain size of several ^m or less, performing spray 
granulation thereto with a spray dryer, and subsequently performing pressing and 
sintering thereto has been disclosed (e.g., refer to Japanese Patent Laid-Open 
Publication No. H1 0-1 2933). 

20 Moreover, a metallic silicide luminescent material in which a (3-iron silicide 

semiconductor element, which is a metallic silicide semiconductor particle having a 
grain size on the order of nanometers, is dispersed in a particle shape in the 
polycrystalline silicon has been disclosed (e.g., refer to Japanese Patent Laid-Open 
Publication No. 2000-160157). 

25 
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DISCLOSURE OF THE INVENTION 



The present invention was devised in order to overcome the foregoing 
problems, and an object thereof is to provide is iron silicide powder in which the 
5 content of oxygen as the gas component contained in the iron silicide powder will 
decrease, the iron silicide powder can be easily pulverized as a result thereof, the 
mixture of impurities when the pulverization is unsatisfactory will be reduced, the 
specific surface area of the iron silicide powder will increase, and the density can be 
enhanced upon sintering the iron silicide powder. Further, provide is iron silicide 

10 powder in which the thickness of the |3FeSi 2 film can be made thick upon sputtering 
by the target obtained with the sintering, the generation of particles during sputtering 
will be reduced, a uniform and homogenous film composition can be yielded, and 
the sputtering characteristics will be favorable. The present invention also provides 
the manufacturing method of such iron silicide powder. 

15 The present invention provides: 

1 . Iron silicide powder, wherein the content of oxygen as the gas component is 
1500ppm or less; 

2. Iron silicide powder, wherein the content of oxygen as the gas component is 
1000ppm or less; 

20 3. Iron silicide powder according to paragraph 1 or paragraph 2 above, 
wherein the specific surface area is 0.15m 2 /g or more; 

4. Iron silicide powder according to paragraph 1 or paragraph 2 above, 
wherein the specific surface area is 0.6m 2 /g or more; 

5. Iron silicide powder according to any one of paragraphs 1 to 4 above, 
25 wherein the crystal structure of powder is substantially a £ a phase, or the primary 

phase is a £ a phase; 

5 



6. Iron silicide powder according to any one of paragraphs 1 to 5 above, 
wherein the content of impurities excluding gas components is 500ppm or less; 

7. Iron silicide powder according to any one of paragraphs 1 to 5 above, 
wherein the content of impurities excluding gas components is 50ppm or less; and 

8. Iron silicide powder according to any one of paragraphs 1 to 5 above, 
wherein the content of impurities excluding gas components is 10ppm or less; 

The present invention also provides: 

9. A manufacturing method of iron silicide powder, including the steps of 
reducing iron oxide with hydrogen to prepare iron powder, heating the iron powder 
and Si powder in a non-oxidizing atmosphere to prepare synthetic powder 
containing FeSi as its primary component, and adding and mixing Si powder once 
again thereto and heating this in a non-oxidizing atmosphere; 

10. A manufacturing method of iron silicide powder according to any one of 
paragraphs 1 to 9 above, including the steps of reducing iron oxide with hydrogen to 
prepare iron powder, heating the iron powder and Si powder in a non-oxidizing 
atmosphere to prepare synthetic powder containing FeSi as its primary component, 
and adding and mixing Si powder once again thereto and heating this in a 
non-oxidizing atmosphere; 

11 . A manufacturing method of iron silicide powder according to paragraph 9 or 
paragraph 10 above, wherein, upon reducing the iron oxide with hydrogen, iron 
powder having a specific surface area of 0.2m 2 /g or more is prepared by being 
reduced in a hydrogen gas stream of 600°C or less; and 

12. A manufacturing method of iron silicide powder according to paragraph 9 or 
paragraph 10 above, wherein, upon reducing the iron oxide with hydrogen, iron 
powder having a specific surface area of 0.2m 2 /g or more is prepared by being 
reduced in a hydrogen gas stream of 500°C or less. 



BEST MODE FOR CARRYING OUT THE INVENTION 



Although the iron silicide powder of the present invention is represented with 
5 the molecular formula of FeSi 2 unless otherwise specified, this includes the scope of 
FeSx (x: 1.5 to 2.5). 

Further, the iron silicide powder used in this description means iron silicide 
powder, and powder having iron silicide as its primary component and having small 
amounts of other additive elements, and the present invention covers all of the 
10 above. 

With the iron silicide powder of the present invention, the content of oxygen 
as the gas component is 1500ppm or less, and preferably 1000ppm or less. As a 
result, an effect is yielded in that the amount of oxygen contained in the iron silicide 
sputtering target can be further reduced. 

15 By reducing the amount of oxygen as the gas component in the target, the 

generation of particles during sputtering can be suppressed, and the deposition of a 
uniform and homogenous film component is enabled. The content of impurities 
excluding gas component is made to be 500ppm or less, preferably 50ppm, and 
more preferably 10ppm in order to obtain high-purity iron silicide powder, and effects 

20 similar to those described above can be yielded thereby. Incidentally, a gas 
component means the element detected in a gas state upon performing quantitative 
analysis. 

Further, the specific surface area of the iron silicide powder is made to be 
0.1 5m 2 /g or more, and preferably 0.6m 2 /g or more. As a result, the relative density 
25 of the iron silicide target produced via sintering can be made to be 90% or more, and 
even 95% or more. 



By using the foregoing iron silicide powder, the average crystal grain size of 
the target texture can be made to be 300jxm or less, or 1 SO^m or less, or even 75^im 
or less. An iron silicate target having such a small crystal grain size can be used to 
manufacture a pFeSi 2 thin film having stable characteristics and capable of 
5 suppressing arcing or the generation of particles. 

The present invention is also able to obtain iron silicide powder 
characterized in that the crystal structure of powder is substantially a t; a phase, or 
the primary phase is a £ a phase. Upon manufacturing a sintered body target with 
iron silicide powder having this kind of composition, a target in which the iron silicide 
10 target texture is also substantially a phase, or the primary phase is a t, a phase, 
can be obtained. 

In the case of such iron silicide target; that is, when the phase 
transformation to the p phase (semiconductor phase) is suppressed and the £ a 
phase still remains, a stable bias current can be applied to the target, and plasma 
15 density can be increased easily, and the sputtering gas pressure can be kept low. 
As a result, a superior effect is yielded in that a favorable film with few gas damages 
can be obtained. 

Upon manufacturing the iron silicide powder of the present invention, 
generally manufactured iron having a purity level of 3N (99.9% excluding gas 
20 components) may be subject to, for example, wet refining process (e.g., 
combination of ion exchange membrane, solvent extraction, organometallic complex 
decomposition, electrolytic refining and the like) to remove the impurities, and such 
raw material refined to a level of 5N (excluding gas components) may be used. 

As a specific example, for instance, iron having a purity level of 3N 
25 (excluding gas components) is dissolved in hydrochloric acid and refined with the 
ion exchange membrane/elution method, and this high purity iron salt solution is 



subject to drying/oxidizing roasting (desirable to heat this in an oxygen gas stream) 
so as to obtain iron oxide (Fe 2 0 3 ). As a result, high purity iron oxide having a purity 
level of 4 to 5N (excluding gas components) can be obtained. There is no 
particular limitation on the method for obtaining the foregoing high purity iron oxide. 
5 The present invention uses such high purity iron oxide (highly purified 

excluding gas components) raw material, and reduces this iron oxide with hydrogen 
to prepare iron powder, heats the iron powder and Si powder in a non-oxidizing 
atmosphere to prepare synthetic powder containing FeSi as its primary component, 
and adds and mixes Si powder once again thereto and heats this in a non-oxidizing 
10 atmosphere to prepare iron silicide powder containing FeSi 2 as its primary 
component. 

Upon reducing iron oxide with hydrogen, it is desirable to reduce this in a 
hydrogen gas stream of 600°C or less, and preferably 500°C or less to prepare iron 
powder having a specific surface area of 0.2m 2 /g or more, and to use this iron 

15 powder to manufacture the iron silicide powder. Incidentally, since much time will 
be required for reduction if the temperature is 400°C or less, it is preferable that the 
temperature is higher than 400°C. 

As described above, since the temperature can be increased while 
suppressing the exothermic reaction (temperature in which the liquid phase will not 

20 appear) by performing the synthesis in two stages of FeSi and then FeSi 2 , a 
significant effect is yielded in that iron silicide powder having a large specific surface 
area (grindability is favorable, and the mixture of impurities at the time of 
pulverization will be reduced) and low oxygen content can be manufactured easily. 
Further, a sintered body target can also be manufactured with ease. 

25 According to the above, fine powder with a high residual ratio of £ a (also 

referred to as the aFe 2 Si 5 phase or aFeSi 2 phase) (metallic phase) can be obtained. 



The fine iron silicide powder obtained as described above can be sintered 
and made into a target via hot pressing, hot isostatic pressing or spark plasma 
sintering. Upon sintering, spark plasma sintering is particularly desirable. 
Employing this spark plasma sintering method, the growth of crystal grains can be 
5 suppressed, and a high density, high strength target can be sintered. 

Further, since sintering can be performed in a short period and this can be 
cooled rapidly, the phase transformation to the |3 phase (semiconductor phase) can 
be suppressed, and a target having a high residual ratio of the £ a phase (metallic 
phase) can be obtained. If different phases exist in the target, the result of 
10 sputtering will differ, and this is not preferable since this will cause the generation of 
particles. 

Predominately, when a single phase £ a phase (metallic phase) is used, 
since a stable bias current can be applied to the target, plasma density can be 
increased easily, and the sputtering gas pressure can be kept low. Thus, a 
15 favorable film with few gas damages can be obtained. 

As a result of employing the fine iron silicide powder of the present invention, 
it is possible to obtain a sputtering target in which the gas components can be 
eliminated, the generation of particles will be reduced, a uniform and homogenous 
film composition can be yielded, and the sputtering characteristics will be favorable. 

20 

Examples and Comparative Examples 

The present invention is now explained in detail with reference to the 
Examples and Comparative Examples. These Examples are merely illustrative, 
and the present invention shall in no way be limited thereby. In other words, the 
25 present invention shall only be limited by the scope of claim for a patent, and shall 
include the various modifications other than the Examples of this invention. 



(Example 1) 

Iron chloride refined in a tubular furnace formed of high purity transparent 
quartz was roasted, and this iron oxide was continuously reduced in a hydrogen gas 
stream (hydrogen flow volume of 20 liters/min) at 500°C for approximately 3 hours to 
5 prepare iron powder. 

The specific surface area (pursuant to the BET method) of this iron powder 
was 0.62m 2 /g. This fine powder and Si powder (specific surface area of 1 .6m 2 /g) 
having a purity level of 5N were mixed at a mixing ratio of Fe:Si = 1:1, and FeSi was 
synthesized in a vacuum at 1350°C (less than 1410°C where the liquid phase will 
10 appear). 

Next, so as to achieve Fe:Si = 1 :2, the deficient Si powder was mixed and 
pulverized with a ball mill. This mixed and pulverized fine powder was synthesized 
in a vacuum at 1050°C. The specific surface area of this synthesized block was 
0.6m 2 /g, and it was extremely easy to pulverize the synthesized block with the ball 
15 mill. As a result of the gas analysis (LECO method), the amount of oxygen 
contained in this iron silicide (FeSi 2 ) powder was 820ppm. 

Further, as a result of the XRD measurement (CuK a-ray diffraction peak), 
the main peak (29 = 29°) of (3FeSi 2 could not be observed. 

This obtained iron silicide powder was filled in a graphite die and sintered for 
20 2 hours with the hot pressing method at 1150°C in a vacuum atmosphere with a 
surface pressure of 275kgf/cm 2 . The surface of the obtained sintered body was 
ground with a flat-surface grinding machine to remove the contamination layer on 
the surface thereof, and an iron silicide target of (j>300mm x 4mm was prepared 
thereby The relative density of the obtained target was a high density of 98%, and 
25 the oxygen content of the sintered body was 520ppm. 

The hydrogen reduction temperature, specific surface area of the raw iron 



powder, synthesizing process (2 stages), grindability, specific surface area of the 
obtained iron silicide powder, oxygen content, relative density of the sintered body 
target, and oxygen content of the sintered body of Example 1 are respectively 
shown in Table 1 . 



Table 1 



Oxygen Content 
in Sintered Body 


520ppm 


390ppm 


490ppm 


1900ppm 


370ppm 


1200ppm 


950ppm 


3100ppm 


Relative 
Density 


CO 
CD 


35 


35 
O) 

cn 


35 
CO 

o> 


35 

O) 
CO 


35 

CO 
O) 


35 

T— 

o> 


S5 

CO 


Oxygen 
Content 


820ppm 


690ppm 


815ppm 


2500ppm 


340ppm 


2300ppm 


3200ppm 


4300ppm 


Specific 
Surface Area 


CM 

E 
o 

CO 

d 


CM 

E 

LO 

d 


CM**" 

E 

LO 

d 


o> 

CM 

E 

CO 

o 
d 


CM**" 

E 

CO 

o 
d 


CM 

E 
d 


O) 

CM*** 

E 

CO 

o 
d 


OJ 

CM 

E 
•<r 

d 


Qrindability 


Most Favorable 


Favorable 


Favorable 


Somewhat 
Inferior 


Inferior 


Inferior 


Inferior 


, Favorable 


Synthesizing 
Process 


2 stages 


2 stages 


2 stages 


1 stage 


2 stages 


1 stage 


1 stage 


2 stages 


Specific 
Surface Area 
of Iron 


O) 

CM* 

E 

CM 
CO 

d 


O) 

CM 

E 

CM 

d 


o> 

CM 

E 
d 


o> 

CM* 

E 

CM 
CO 

d 


CM 

E 

CO 

o 
d 


o> 

CM* 

E 

CM 

d 


CD 

CM*** 

E 

LO 

m 
d 


o> 

CM*** 

E 

CO 

tn 
d 


Hydrogen 
Reduction 
Temperature 


O 

o 

O 

o 

40 


O 

o 

o 
o 


O 

o 

o 
m 

CO 


O 

o 

O 
O 

in 


O 

o 

S 

o 










Example 1 


Example 2 


Example 3 


Comparative 
Example 1 


Comparative 
Example 2 


Comparative 
Example 3 


Comparative 
Example 4 


Comparative 
Example 5 



I t3 £ 
c "° I 

O - C7) 
CO CD 
o 0) u. 

-9 71 co 

Jfl CD C 
Nf 
CO 
CD 
JZ 

c 

II 



5 N 
>* JO 



c 
>* 

CO 

11 CO 

CD CD 

CD O) 

eg m 

CO to 

i— CM 



O O ffl 

Boo 
Z 2 2 



13 



(Example 2) 

Iron chloride refined in a tubular furnace formed of high purity transparent 
quartz was roasted, and this iron oxide was continuously reduced in a hydrogen gas 
stream (hydrogen flow volume of 20 liters/min) at 900°C for approximately 3 hours to 
5 prepare iron powder. 

The specific surface area (pursuant to the BET method) of this iron powder 
was 0.21 m 2 /g. This fine powder and Si powder (specific surface area of 1.6m 2 /g) 
having a purity level of 5N were mixed at a mixing ratio of Fe:Si = 1:1, and FeSi was 
synthesized in a vacuum at 1350°C (less than 1410°C where the liquid phase will 
10 appear). 

Next, so as to achieve Fe:Si = 1:2, the deficient Si powder was mixed and 
pulverized with a ball mill. This mixed and pulverized fine powder was synthesized 
in a vacuum at 1050°C. The specific surface area of this synthesized block was 
0.15m 2 /g, and it was extremely easy to pulverize the synthesized block with the ball 
15 mill. As a result of the gas analysis (LECO method), the amount of oxygen 
contained in this iron silicide (FeSi 2 ) powder was 690ppm. 

Further, as a result of the XRD measurement (CuK a-ray diffraction peak), 
the main peak (26 = 29°) of |3FeSi 2 could not be observed. 

This obtained iron silicide powder was filled in a graphite die and sintered for 
20 2 hours with the hot pressing method at 1150°C in a vacuum atmosphere with a 
surface pressure of 275kgf/cm 2 . The surface of the obtained sintered body was 
ground with a flat-surface grinding machine to remove the contamination layer on 
the surface thereof, and an iron silicide target of ()>300mm x 4mm was prepared 
thereby. The relative density of the obtained target was a high density of 94%, and 
25 the oxygen content of the sintered body was 390ppm. 

The hydrogen reduction temperature, specific surface area of the raw iron 



powder, synthesizing process (2 stages), grindability, specific surface area of the 
obtained iron silicide powder, oxygen content, relative density of the sintered body 
target, and oxygen content of the sintered body of Example 2 are respectively 
shown in Table 1 . 
5 (Example 3) 

Iron chloride refined in a tubular furnace formed of high purity transparent 
quartz was roasted, and this iron oxide was continuously reduced in a hydrogen gas 
stream (hydrogen flow volume of 20 liters/min) at 650°C for approximately 3 hours to 
prepare iron powder. 

10 The specific surface area (pursuant to the BET method) of this iron powder 

was 0.47m 2 /g. This fine powder and Si powder (specific surface area of 1 .6m 2 /g) 
having a purity level of 5N were mixed at a mixing ratio of Fe:Si = 1:1, and FeSi was 
synthesized in a vacuum at 1350°C (less than 1410°C where the liquid phase will 
appear). 

15 Next, so as to achieve Fe:Si = 1 :2, the deficient Si powder was mixed and 

pulverized with a ball mill. This mixed and pulverized fine powder was synthesized 
in a vacuum at 1050°C. The specific surface area of this synthesized block was 
0.51 m 2 /g, and it was extremely easy to pulverize the synthesized block with the ball 
mill. As a result of the gas analysis (LECO method), the amount of oxygen 

20 contained in this iron silicide (FeSi 2 ) powder was 815ppm. 

Further, as a result of the XRD measurement (CuK a-ray diffraction peak), 
the main peak (26 = 29°) of pFeSi 2 could not be observed. 

This obtained iron silicide powder was filled in a graphite die and sintered for 
2 hours with the hot pressing method at 1150°C in a vacuum atmosphere with a 

25 surface pressure of 275kgf/cm 2 . The surface of the obtained sintered body was 
ground with a flat-surface grinding machine to remove the contamination layer on 



the surface thereof, and an iron silicide target of (j>300mm x 4mm was prepared 

thereby. The relative density of the obtained target was a high density of 99%, and 

the oxygen content of the sintered body was 490ppm. 

The hydrogen reduction temperature, specific surface area of the raw iron 
5 powder, synthesizing process (2 stages), grindability, specific surface area of the 

obtained iron silicide powder, oxygen content, relative density of the sintered body 

target, and oxygen content of the sintered body of Example 3 are respectively 

shown in Table 1 . 

(Comparative Example 1) 
10 Iron chloride refined in a tubular furnace formed of high purity transparent 

quartz was roasted, and this iron oxide was continuously reduced in a hydrogen gas 

stream (hydrogen flow volume of 20 liters/min) at 500°C for approximately 3 hours to 

prepare iron powder. 

The specific surface area (pursuant to the BET method) of this iron powder 
15 was 0.6m 2 /g. This fine powder and Si powder (specific surface area of 1 .6m 2 /g) 

having a purity level of 5N were mixed at a mixing ratio of Fe:Si = 1 :2, and FeSi 2 was 

synthesized in one stage in a vacuum at 1050°C (less than 1410°C where the liquid 

phase will appear). 

The specific surface area of this synthesized block was 0.06m 2 /g, and it was 
20 not easy to pulverize synthesized block with the ball mill. As a result of the gas 
analysis (LECO method), the amount of oxygen contained in this iron silicide (FeSi 2 ) 
powder was of a high level at 2500ppm. 

This obtained iron silicide powder was filled in a graphite die and sintered for 
2 hours with the hot pressing method at 1150°C in a vacuum atmosphere with a 
25 surface pressure of 275kgf/cm 2 . The surface of the obtained sintered body was 
ground with a flat-surface grinding machine to remove the contamination layer on 

16 



the surface thereof, and an iron silicide target of <j>300mm x 4mm was prepared 

thereby. The relative density of the obtained target was 93%, and the oxygen 

content of the sintered body was of a high level at 1900ppm. 

The hydrogen reduction temperature, specific surface area of the raw iron 
5 powder, synthesizing process (1 stage), grindability, specific surface area of the 

obtained iron silicide powder, oxygen content, relative density of the sintered body 

target, and oxygen content of the sintered body of Comparative Example 1 are 

respectively shown in Table 1 . 

(Comparative Example 2) 
10 Iron chloride refined in a tubular furnace formed of high purity transparent 

quartz was roasted, and this iron oxide was continuously reduced in a hydrogen gas 

stream (hydrogen flow volume of 20 liters/min) at 1000°C for approximately 3 hours 

to prepare iron powder. 

The specific surface area (pursuant to the BET method) of this iron powder 
15 was 0.08m 2 /g. This fine powder and Si powder (specific surface area of 1.6m 2 /g) 

having a purity level of 5N were mixed at a mixing ratio of Fe:Si = 1:1, and FeSi was 

synthesized in a vacuum at 1350°C (less than 1410°C where the liquid phase will 

appear). 

Next, so as to achieve Fe:Si = 1:2, the deficient Si powder was mixed and 
20 pulverized with a ball mill. This mixed and pulverized fine powder was synthesized 
in a vacuum at 1050°C. The specific surface area of this synthesized block was 
0.03m 2 /g, and the pulverization with the ball mill was inferior. As a result of the gas 
analysis (LECO method), the amount of oxygen contained in this iron silicide (FeSi 2 ) 
powder was low at 340ppm. 
25 This obtained iron silicide powder was filled in a graphite die and sintered for 

2 hours with the hot pressing method at 1150°C in a vacuum atmosphere with a 



surface pressure of 275kgf/cm 2 . The surface of the obtained sintered body was 
ground with a flat-surface grinding machine to remove the contamination layer on 
the surface thereof, and an iron silicide target of 4>300mm x 4mm was prepared 
thereby. The relative density of the obtained target was a low density of 89%, and 
5 the oxygen content of the sintered body was of a low level at 370ppm. 

The hydrogen reduction temperature, specific surface area of the raw iron 
powder, synthesizing process (2 stages), grindability, specific surface area of the 
obtained iron silicide powder, oxygen content, relative density of the sintered body 
target, and oxygen content of the sintered body of Comparative Example 2 are 
10 respectively shown in Table 1 . 
(Comparative Example 3) 

Commercially available iron powder having a purity level of 5N was used. 
The specific surface area (pursuant to the BET method) of this iron powder was 
0.12m 2 /g. This fine powder and Si powder (specific surface area of 1.6m 2 /g) 
15 having a purity level of 5N were mixed at a mixing ratio of Fe:Si = 1 :2, and FeSi 2 was 
synthesized in one stage in a vacuum at 1350°C (less than 1410°C where the liquid 
phase will appear). 

The specific surface area of this synthesized block was 0.11m 2 /g, and the 
pulverization with the ball mill was inferior. As a result of the gas analysis (LECO 
20 method), the amount of oxygen contained in this iron silicide (FeSi 2 ) powder was of 
an extremely high level at 2300ppm. 

This obtained iron silicide powder was filled in a graphite die and sintered for 
2 hours with the hot pressing method at 1150°C in a vacuum atmosphere with a 
surface pressure of 275kgf/cm 2 . The surface of the obtained sintered body was 
25 ground with a flat-surface grinding machine to remove the contamination layer on 
the surface thereof, and an iron silicide target of (j>300mm x 4mm was prepared 



thereby. The relative density of the obtained target was 93%, and the oxygen 
content of the sintered body was of a high level at 1 200ppm. 

The hydrogen reduction temperature, specific surface area of the raw iron 
powder, synthesizing process (1 stage), grindability, specific surface area of the 
5 obtained iron silicide powder, oxygen content, relative density of the sintered body 
target, and oxygen content of the sintered body of Comparative Example 3 are 
respectively shown in Table 1 . 
(Comparative Example 4) 

Commercially available iron powder having a purity level of 5N was used. 
10 The specific surface area (pursuant to the BET method) of this iron powder was 
0.55m 2 /g. This fine powder and Si powder (specific surface area of 1.6m 2 /g) 
having a purity level of 5N were mixed at a mixing ratio of Fe:Si = 1 :2, and FeSi 2 was 
synthesized in one stage in a vacuum at 1350°C (less than 1410°C where the liquid 
phase will appear). 

15 The specific surface area of this synthesized block was 0.8m 2 /g, and the 

pulverization with the ball mill was inferior. As a result of the gas analysis (LECO 
method), the amount of oxygen contained in this iron silicide (FeSi 2 ) powder was of 
an extremely high level at 3200ppm. 

This obtained iron silicide powder was filled in a graphite die and sintered for 
20 2 hours with the hot pressing method at 1150°C in a vacuum atmosphere with a 
surface pressure of 275kgf/cm 2 . The surface of the obtained sintered body was 
ground with a flat-surface grinding machine to remove the contamination layer on 
the surface thereof, and an iron silicide target of (|>300mm x 4mm was prepared 
thereby. The relative density of the obtained target was 91%, and the oxygen 
25 content of the sintered body was of a high level at 950ppm. 

The hydrogen reduction temperature, specific surface area of the raw iron 
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powder, synthesizing process (1 stage), grindability, specific surface area of the 
obtained iron silicide powder, oxygen content, relative density of the sintered body 
target, and oxygen content of the sintered body of Comparative Example 4 are 
respectively shown in Table 1 . 
5 (Comparative Example 5) 

Commercially available iron powder having a purity level of 5N was used. 
The specific surface area (pursuant to the BET method) of this iron powder was 
0.58m 2 /g. This fine powder and Si powder (specific surface area of 1 .6m 2 /g) 
having a purity level of 5N were mixed at a mixing ratio of Fe:Si = 1:1, and FeSi was 

10 synthesized in a vacuum at 1350°C (less than 1410°C where the 

liquid phase will appear). 

Next, so as to achieve Fe:Si = 1 :2, the deficient Si powder was mixed and 
pulverized with a ball mill. This mixed and pulverized fine powder was synthesized 
in a vacuum at 1050°C. 

15 The specific surface area of this synthesized block was 0.44m 2 /g, and the 

pulverization with the ball mill was superior. As a result of the gas analysis (LECO 
method), the amount of oxygen contained in this iron silicide (FeSi 2 ) powder was 
extremely high at 4300ppm. 

This obtained iron silicide powder was filled in a graphite die and sintered for 

20 2 hours with the hot pressing method at 1150°C in a vacuum atmosphere with a 
surface pressure of 275kgf/cm 2 . The surface of the obtained sintered body was 
ground with a flat-surface grinding machine to remove the contamination layer on 
the surface thereof, and an iron silicide target of <j>300mm x 4mm' was prepared 
thereby. The relative density of the obtained target was 96%, and the oxygen 

25 content of the sintered body was of a high level at 31 OOppm. 

The hydrogen reduction temperature, specific surface area of the raw iron 



powder, synthesizing process (2 stages), grindability, specific surface area of the 
obtained iron silicide powder, oxygen content, relative density of the sintered body 
target, and oxygen content of the sintered body of Comparative Example 5 are 
respectively shown in Table 1 . 
5 As shown in Table 1 , in the Examples of the present invention, the content of 

oxygen as impurities in the iron silicide powder is low, and pulverization could be 
performed easily. Further, superior effects are yielded in that since pulverization is 
easy, much time will not be required for performing such pulverization, and 
impurities other than gas components can also be reduced. Moreover, a high 

10 density target having a large specific surface area can be obtained upon 
manufacturing such target via sintering. As a result, in all of the targets, the relative 
density was 90% or more, the average crystal grain size was 300^m or less, the 
area ratio of £ a was 70% or more, the evenness (uniformity, 3o) of the film was 
favorable, the generation of particles was significantly reduced, and the sputtering 

15 characteristics were favorable. 

Meanwhile, in each of the Comparative Examples, the oxygen content in the 
iron silicide powder was high, the ratio of (3FeSi 2 was also high, and a target sintered 
with this iron silicide powder showed significant generation of particles, and a film 
that could be peeled easily was formed. These problems caused the deterioration 

20 of the sputtered deposition quality. 
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Effect of the Invention 

The iron silicide powder of the present invention was able to achieve 
superior effects in which the content of oxygen as the gas component contained in 
the iron silicide powder will decrease, the iron silicide powder can be easily 
pulverized as a result thereof, the mixture of impurities when the pulverization is 
unsatisfactory will be reduced, the specific surface area of the iron silicide powder 
will increase, and the density can be enhanced upon sintering the iron silicide 
powder. Further, the thickness of the sputtered film; that is, the pFeSi 2 film 
obtained with the sintered body target obtained from the iron silicide powder of the 
present invention can be made thick, the generation of particles during sputtering 
will be reduced, a uniform and homogenous film composition can be yielded, and 
the sputtering characteristics will be favorable. The present invention yields a 
superior effect in that it is able to obtain iron silicide powder capable of stably 
producing such a sputtering target, as well as the manufacturing method thereof. 



22 



